A Gram-positive, aerobic, non-motile, non-endospore-forming rod-shaped bacterium with ibuprofen-degrading capacity, designated strain I11 T , was isolated from activated sludge from a wastewater treatment plant. The major respiratory quinone was demethylmenaquinone DMK-7, C 18 : 1 cis9 was the predominant fatty acid, phosphatidylglycerol was the predominant polar lipid, the cell wall contained meso-diaminopimelic acid as the diagnostic diamino acid and the G+C content of the genomic DNA was 74.1 mol%. 
Patulibacter medicamentivorans sp. nov., isolated from activated sludge of a wastewater treatment plant A Gram-positive, aerobic, non-motile, non-endospore-forming rod-shaped bacterium with ibuprofen-degrading capacity, designated strain I11 T , was isolated from activated sludge from a wastewater treatment plant. The major respiratory quinone was demethylmenaquinone DMK-7, C 18 : 1 cis9 was the predominant fatty acid, phosphatidylglycerol was the predominant polar lipid, the cell wall contained meso-diaminopimelic acid as the diagnostic diamino acid and the G+C content of the genomic DNA was 74.1 mol%. On the basis of 16S rRNA gene sequence analysis, the closest phylogenetic neighbours of strain I11 T were Patulibacter ginsengiterrae CECT 7603 Biodegradation of pharmaceutically active compounds (PhACs), such as ibuprofen, has been an increasing concern in recent years due to their detection in natural matrices such as soil, sediments and water and to their potential risk to the environment and human health (Santos et al., 2010) . The presence of ibuprofen, a nonsteroidal anti-inflammatory drug, and other PhACs in the environment is largely due to their inefficient removal from wastewater treatment plants (WWTPs). Microbial degradation plays an important role in wastewater treatment processes and several studies have been conducted to understand and improve microbial degradation of PhACs in WWTPs (Ying et al., 2009; Onesios et al., 2009; Salgado et al., 2012) .
The strain described in this study, designated I11 T , was isolated from activated sludge of Beirolas WWTP (Lisbon, Portugal). Although sharing some phenotypic and phylogenetic characteristics with members of the genus Patulibacter, strain I11
T could not be affiliated with any of its recognized species. The genus Patulibacter was first proposed by Takahashi et al. (2006) with Patulibacter minatonensis and the description was further emended by Reddy & Garcia-Pichel (2009) to include Patulibacter americanus. Recently, Patulibacter ginsengiterrae was isolated from a ginseng field (Kim et al., 2012a) and characterized as a novel species belonging to the genus Patulibacter. Based on a polyphasic taxonomic study, isolate I11
T is proposed in this study as the type strain of a novel species of this genus.
Activated sludge (3 g l

21
) collected from Beirolas WWTP was inoculated in minimal medium (Oehmen et al., 2009) supplemented with 500 mg ibuprofen l 21 as the only carbon source and grown at 28 u C on a rotary shaker at 110 r.p.m. for approximately 15 days. Within this period, a new ibuprofen addition was carried out whenever all the parent compound had been removed from the medium, as determined by HPLC (Almeida et al., 2012) . After 15 days the enrichment culture was serially diluted by a series of tenfold dilutions in sterile saline solution (0.85 %, w/v, NaCl) and streaked on agar plates containing minimal medium supplemented with 250 mg ibuprofen l 21 and 15 g agar l
. After 1 week of incubation at 28 u C, all the colonies with distinct morphotypes were isolated and purified on the same medium. Among the isolated organisms, strain I11
T showed higher ibuprofen degradation capacity. Strain I11
T was stored in culture medium supplemented with 20 % glycerol at 280 u C. For the experiments reported in this study, strain I11
T was subcultured in trypticase soy broth (TSB; Oxoid) or on trypticase soy agar (TSA; Oxoid), at 28 u C for 3 days, unless stated otherwise. P. minatonensis DSM 18081 T , P. americanus DSM 16676 T and P. ginsengiterrae CECT 7603 T were used for comparison purposes under identical growth conditions.
Colony and cell morphology, Gram-staining, cytochrome c oxidase and catalase tests, production of endospores and motility were analysed based on the methodologies of Murray et al. (1994) and Smibert & Krieg (1994) . The temperature (4, 10, 15, 20, 25, 27, 30, 32, 37, 39, 42, 45 and 48 u C), salinity [1.5, 2.5, 3.5, 5.5, 7.5 and 10 % (w/v) NaCl] and pH ranges (5-9, at increments of 0.5 pH units) for growth were determined by measuring the turbidity (600 nm) of cultures grown in 50 ml falcon tubes containing 5 ml TSB, and incubated at 32 u C. The pH of the TSB medium was adjusted using MES (pH 5.0-6.0), MOPS (pH 6.0-8.0) and CAPS (pH 8.0-9.0) and further sterilized using a 0.2 mm Whatman filter.
Antibiotic susceptibility was determined by the KirbyBauer disc diffusion method (Bauer et al., 1966) , using antibiotic discs from Oxoid containing the following (mg): ampicillin (10), amikacin (30), aztreonam (30), bacitracin (10 U), ceftriaxone (30), ciprofloxacin (5), ceftazidime (30), chloramphenicol (30), erythromycin (15), gentamicin (10), novobiocin (30), polymyxin B (300 U), tetracycline (30) and vancomycin (30). Additional physiological and biochemical characteristics were determined using API 20NE and API ZYM test strips (bioMérieux), and GP2 microplate from the Biolog identification system, according to the manufacturer's instructions.
Polar lipids were analysed as described previously (VazMoreira et al., 2007) using the methods of Manaia et al. (2004) . Isoprenoid quinones were extracted and purified as described by Collins et al. (1977) and analysed by HPLC and electron-impact MS (320 Singlequad equipped with a direct insertion probe; Varian) as described by Yi et al. (2007) . Cellular fatty acids were extracted from cells cultivated on TSA at 28 u C. Strain I11 T and the three reference strains grew similarly well and provided sufficient cells of comparable physiological age from the third streak quadrant of the plates after cultivation under the given conditions for 72 h. Fatty acid methyl esters were obtained following the method of Stead et al. (1992) and were analysed by GC using the Microbial Identification System (MIDI, Sherlock Version 6.1; database, ACTIN6; gas chromatograph, model 6890N from Agilent Technologies). The identity of hydroxy fatty acids was confirmed by GC/MS [320 Singlequad equipped with a CP-3800 gas chromatograph and a VF5ms column (30 m 6 0.25 mm I.D., film thickness 0.25 mm); Varian]. The cell-wall diamino acid of strain I11
T was determined from whole-cell hydrolysates as described by Hasegawa et al. (1983) .
Both the 16S rRNA gene sequence and G+C content value were obtained from the whole genome sequencing of strain I11
T (Almeida et al., 2012) .
The identification of phylogenetic neighbours was initially carried out by the BLAST (Altschul et al., 1997) and megaBLAST (Zhang et al., 2000) programs against the database of type strains with validly published prokaryotic names (Kim et al., 2012b) . The top 30 sequences with the highest scores were then selected for the calculation of pairwise sequence similarity using a global alignment algorithm, which was implemented at the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012b) . Phylogenetic analysis was performed using MEGA version 5 (Tamura et al., 2011) . Sequence similarity was estimated using the model of Jukes & Cantor (1969) and values were used to construct the phylogenetic tree by the neighbour-joining method. Tree stability was assessed by comparison with other trees constructed with the maximum-parsimony and maximum-likelihood methods. Bootstrap analysis was performed employing 1000 resamplings. A total of 1296 nt positions in each 16S rRNA gene were included in the analysis. Non-homologous and ambiguous nucleotide positions were excluded from the calculations.
After 3 days growth on TSA at 28 u C, strain I11 T formed irregular, semi-translucent creamy white colonies with undulate margins, and 1-2 mm in diameter. Cells were catalase-positive, oxidase-negative, Gram-stain-positive, non-motile and non-spore-forming rods. Growth was not observed below 20 u C or above 39 u C, with an optimum at around 32 u C. Good growth occurred at pH 6.0-7.5. Growth at more than 1.5 % salinity was not observed. Strain I11
T degraded ibuprofen. Other phenotypic characteristics are summarized in Table 1 and in the species description.
The complete 16S rRNA gene sequence (1541 nt) obtained from the whole genome sequencing of strain I11
T and determined using RNAmmer (Almeida et al., 2012) shared sequence similarities of 96.8 % with P. ginsengiterrae CECT 7603 T , 96.6 % with P. minatonensis DSM 18081 T and P. americanus DSM 16676 T , and 93 % or less with other members of the Rubrobacterales. The neighbour-joining tree placed I11 T in a cluster within the genus Patulibacter ( Fig. 1) but with a distinct position, suggesting that the novel strain deserves a separate species status. Since it has been observed that strains belonging to the same species share commonly .97 % 16S rRNA gene sequence similarity (Stackebrandt & Goebel, 1994; Tindall et al., 2010) and the sequence similarity between strain I11
T and the other type strains did not exceed this value, DNA-DNA hybridization was not conducted for species delineation in this study.
The inclusion of strain I11
T within the genus Patulibacter is supported by some genotypic and chemotaxonomic features. Indeed, the genomic DNA G+C content of I11 T strain was 74.1 mol%, which fell within the range of 72-75 mol% observed for other species of this genus (Kim et al., 2012a) . The peptidoglycan diamino acid of strain I11 T was meso-diaminopimelic acid and the predominant cellular fatty acid was C 18 : 1 CIS 9 (46.4 %, Table 2 ), similar to other Patulibacter members (Takahashi et al., 2006; Reddy & Garcia-Pichel, 2009; Kim et al., 2012a) . The respiratory quinone extracted from strain I11
T eluted with a retention time 5 % shorter than that of menaquinone MK-7 from Bacillus subtilis subsp. subtilis DSM 10 T and was identified by MS as demethylmenaquinone DMK-7 (base peak 211 m/z, molecular ion 636 m/z). DMK-7 represented 92.2 % of the sum of all integrated peaks. The area of five additional minor peaks, which could not be attributed to any of the menaquinone standards used [MK-5, MK-6, MK-7, MK-8, MK-7(H 2 ), MK-8(H 2 ) or MK-9(H 2 )], varied between 0.5 and 2.6 %. The polar lipid profile of I11 T consisted of the major component phosphatidylglycerol (PG), four unknown phospholipids (PL1-PL4) and small amounts of diphosphatidylglycerol (DPG) (Fig. S1 , available in IJSEM Online). A similar polar lipid profile was described for P. ginsengiterrae CECT 7603 T (Kim et al., 2012a) .
The novel species status of strain I11
T was supported by other physiological, biochemical and chemotaxonomic differences (Tables 1 and 2 ). The presence of demethylmenaquinone DMK-7 as the main respiratory quinone, and the presence of a higher proportion of C 17 : 0 10-methyl in the fatty acid profile of strain I11
T are among these distinctive features. Based on these differences, strain I11 T is suggested to represent a novel species within the genus Patulibacter, for which the name Patulibacter medicamentivorans sp. nov. is proposed. The type strain is I11 *Iso-C 14 : 0 2-OH was not identified by the ACTIN6 database of the MIDI system. The identity of this fatty acid methyl ester was concluded from the mass spectrum (molecular ion 258 m/z, fragment ion 199 m/z) and a shorter gas chromatographic retention time than that of the standard C 14 : 0 2- OH (11.191 vs. 12.243 min) . The percentages of the fatty acids were manually recalculated after consideration of the component iso-C 14 : 0 2-OH.
(30 mg), ciprofloxacin (5 mg), chloramphenicol (30 mg), erythromycin (15 mg), gentamicin (10 mg), novobiocin (30 mg), polymyxin B (300 U) and vancomycin (30 mg), but resistant to aztreonam (30 mg) and tetracycline (30 mg). The cell-wall peptidoglycan contains meso-diaminopimelic acid. Demethylmenaquinone DMK-7 is the predominant respiratory quinone. The major cellular fatty acid is C 18 : 1 CIS 9. The DNA G+C content is 74.1 mol%. The polar lipids are phosphatidylglycerol (PG), diphosphatidylglycerol (DPG) and four unknown phospholipids (PL1-PL4).
The type strain, I11 T (5DSM 25962 T 5CECT 8141 T ), was isolated from activated sludge enriched for ibuprofen degradation. The DNA G+C content of the type strain is 74.1 mol%.
